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reperh of an investigation ol the underwatesr
dispersion i alr-i8id ground mines, based cn datai obvalned by
ontical slghts dveing Operatlion WD, Yorittown, Virgianla, between
1% Degenber 1081 and 12 Fehruary 1952, The resuvlive ave first
nhated In sve Toonm of rechangular coordinates of the splesh poing
vitn Lhe ovisan talien at e ixed peint on shore. Underzwater rangs

and underwator course azuuth {defined on pp. 2, 3) are analyzed
Cuesermilne angular and radlial distribution of the mines recoversd.
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to other observation points. Geographlc coordinates of the obser-
vation points are avail&ble,elsewherel, and these points are plotted
and labeled on the chart, Fligure 1. Also shown on this chart are
the target position$ labeled with the dates. Where two different
target positions were used on the same date, they are labeled A and B.

5. Coordinates of the vertices of the error triangle result-
ing from the intersections of the three sighting lines were cal-
culated trigonometrically and plotted, and a geometric method of
finding the most probable splash point from the error triangle
was devised and used = . It is to be noted that this treatment
of the data gives a check or the computations, as the sldes of the
error triangle, once the vertices have been plotted, must be par-
allel to the original lines of sight. Further,‘the size of fthis
tfiangle gives an Immediate idea of the dependability of the obser-
vations used. The method of analysis involved taking the three
observaticns to be of equal welight. We have assumed, in other
words, that at the ranges at which these sightis were taken the most
important source of error would be difficulty in ascertaining the
center of the splash. hence the error (tihe distance from the true
entry point toc the gight line) weuld be substantially independent
of the distance of the splash from the sighting point.

6. The mean probable error4 in the position eof the splash

point is 6.1 meters. The median probable error is 2.2 meters, the

difference being due to quite large protable errors in a small

number of cases.
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7. Recovery points in general involve only two sights, and
for this reascon no estimate as to thelr accuracy 18 feasible.
Moreover, radar data are not available to check dublous recoveries.
8. All spiash points are stated 1n cartesian ccordinates
with the origin at the observation point on Pler Two. For con-

venience, the positive X axis was taken true east, the positive

Y axis, true north. Units are meters.

Further Reduction of Data

9. Twoc parameters, deflined in an earlier study of the same

5 -
nature as this one”, are of particular concern:

(a) The underwater range , defined as the horizontal dis-

tance between the minefs entry point into the water and its rest-

ing pnint on the bottom.

(b} The underwater course azimuth, defined as the hori-

zontal angie between the alrcraft path and the radius vector drawn

from the water-entry point to the resting point.

10. Table I includes the rectangular coordinates of the splash
cint, underwater range and course azimuth, probabie error of the
splash poirt determination, drop area, type of mine, altitude, and

any special features of the drop, recovery, or computations.

Analysis

11. Filgure 2 1is a plot of underwater range and course azimuth

for the U8 usyableﬁdrops. Results which are cbviously absurd (appar-




ent undevwater range greater than 400 yards, net 1n 2 forward

— e e

K%

iirection) appear in four cases, and are though®? teo he duo Lo ma joi
evrrors in The observations of the recovery, as the splash points
chaek well with radar ovgervations and the errcy Uriangles ars
small. These four cases have been excluded fron consideration.
In addition, eight drops fur which no recovery was made, cr for
yitlch no shts were taken on the recovery, have been excluded.
£11 other dvops are consldeved. It must be pointed out that pre-
sumavly the dispevsicn distance of drops for which no recovery
was made would be gresler than average, else the recovery would
have been succescful. However, we have no way of establishing

a corvection in taese rases.

12. An avtemnt was made Yo discover the explanatlion for
recsonable btut eveepticnal values of underwater range {(greater
than 50 waters), and to this end motion pictu*c#;phctographﬂ, and
radar cesults nave been studled. It now appears that in all sueh
drons for which mction pilciure or redar data are avallable, the
rehavior of the mine invelved either a long "slide’, as shown on
the radar, or 2 deifinites "ckip" or sezondary splash or gome cother
nature, deteccable on radar, films, or both.

13. PFigures 3a, 3b, Uz, and Ub are separate plets of the

—

underwater range and course azimuth for certain drops having a
significant parameter in common. Too few data are present to
make individual hiscogramng practical.
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Pigures 3a inciudes all drops nominally made in drop
areas 1 and Dog, average depth U41.2 feet. Target positions for
these drops are shown &8 80114 circles on the chart, Figure 1.

Flgure 30 includes all other drops, nominally made in
drop area 1I, average depth 55.8 feet. Targets for these drops
appear on the chart as open circles.

Figure ka presents all irops made with parachutes.

Figure Ub includes 2ll drope made from high altitudes.

Dive angles and altitudes are indicated by the symbols used.

14. Radial distribution: Figure 5a indicates the number of

mines, ard the percent of all mines considered, having an underwater
range less ¢han a given value, i.e., the total number of mines to
be found in a circle of given radius centered at the splash peint.
There are several apparent "gaps" in the curve. In all probability,
these gaps mean merely that nc mines happensed to te recovered at
This parvicular disvance {rom the sSplash point.Fresumably, such
gars weuld be smoothed out 1T enough data were availlable., It will
°hne recovery points i
of radius 25 meters from the splash peint, and abcut 82% within a
racdius of 50 meters.

Flgure 5b shows the aumber of mines %o ke found in a

ring five meters wide, centered at the splash, plotted against

the loner radius of the ring at £ive meter intervals. The total

number of mines 1a the Tirst ring is somewhat smaller than the number




in the next ring, due te the greater area of the second ring.

Pigure 5c¢ presents the same data in a different form.

He_e we have the number of mines tc be found per unit area (500

square meters) in the same intervals as Figure 5b. A3 has been

pointed out previouslys, this form of the data should afford a more
useful criterion in evaluating underwater mine location.

15. Angular distribution: TFigure §_shows the number of mines

in a 30° sector whose center line makes a given angle with the
course cof the aircraft, plotted at 10° intervals. No distinction
has beeis made here between pcsitive and negative angles. 1In other
words, mines having an underwater course azimuth angle to the left
of the course of the aircraft have been counted with those to the
right. This procedure is probably Jjustified, as left-right
asymmetry 1s not promounced. On the cther hand, as may be seen
from this presentation as well as from Figure 2, the forvard trend

of the mine wreasulta in nongiderahla asvmmetrny 2laonce the asoursa of
of' The min e wesulivg 1} congiderahla agymmec? along the 20Urse

]

the aircraft. In fact, twilce as many reccoverles grc {forxward of uihe

splash point 28 are behind 1¢.

Comments
16. Iv should perhaps be noted at this point that the number
of drops was too small for more complete analysis. Only eleven

useiful drops were obtained with parachutes and sixteen Ifrom high

«

altitudes, renderving it difficult to determine digpersion characiers

istics. Horveover, other drop conditions were varied in each case.
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17. As menitloned before, skinping of the mine may take placa,
involving two or even three separate splashes. ‘This phenomenon
explains, at least in part, why a number of the plots seem to
represent an excesslve amount of forward metlion, and a number of
others give wvisual sight points a considerable distance %Zo one side
or the other of the recovery point. If all the observers chose
the original point of lmpact of the mine, the apparent forward
motion cculd bz due to a skip alone, or to a long, surf-board-like
"slide" along the surface. If, on the other hand the observers
d1¢ not choose the same splash for thelr sights, an apparent left
cr right motion of the mine may result, due tc crossing of the lines
of sight of the different observers. Comparison of our data with
the corresponding drop photographs has proven valuable in confirming
the effect of secondary splashes on the obsarvers. Although some
attempt was imade by the observers themselves to gelect the final

- = o 2oty Fash T AWy o de m e memam cvewm o Dea e en e
splash point, thiey were not aiways successful, as radar comparisoens

18. Inacmuch as the depth date available® are quite sceurate
for the time of recovery, and could be corrected toc the time of
drop with avallable tlde figures, the temptation to try %o correlate
depth with undervater range or azimuth might appeaxr attractive.
Such an attempt, however, 1is likely to lead to a completely spur-
ious result. For example, 1f the target were situated above the

deepest point in an area with 2 saucer-shaped bottom, and the mines




vere all dropped near the target, an exXecellent ccrrelation weuld
result, indicating that the dispersion distance Increased with a.
decreage in depth. The actual dispersion in thils case, however,
could be due entlirely to otheir cauges, and the correlation result
merely from the depth of the bottom at & certaln distance from the
tarzet. Thus the only meaningfal variation will correspond to an
average depth near the terget. and this will differ for different
target areas. Separate plots are shown for two average depth

(see Figurcs 3a and 3h).

7

]

19. The resulits of this study seem to be in agreement, at

Jeast in feorm, with the resuitc described by Beringer ané Carver,

reference 5. Cur distribution appears conelstent with thelr "over-

b

D1ified model talen from the dlspersion of vifle bullets on a
target," though the number of droons availlable to us &id not sesm
to Jjustify a complete giatistical treatment. The percentage ol

mines outslids 2 glven vradius from our data zeemz sSomevhat lsrger

tnan that wiicihi they found. Por instance, for water depths comparaeble
with ours. their resulvs showed about 93% in a circle of 60 foot
radlue ¢ .bout 18.3 metersj. Our 93% mark iz at &8 nmeters. The

discrepancy is probably due in pari to less accurate observation

and in part to the non-operational nature of the drops in our case.
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UNDERWATER RANGE AND
COURSE AZIMUTH FOR
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AREA II

AVERAGE DEFPTH °
55.8 FEET
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DROPS WITi4 PARACHUTES FiGURE 4a
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